Background: Malnutrition contributes to functional and cognitive decline in older adults, which results in decreased quality of life and loss of independence. This study aimed to identify determinants of nutritional risk among community-dwelling adults in KwaZulu-Natal, South Africa. Methods: A cross-sectional survey was undertaken in 1008 subjects aged 60 years and over who were randomly selected by systematic sampling. Demographics, socioeconomic data and self-reported history of medical conditions were recorded. The Mini Nutritional Assessment-Short Form (MNA-SF) was used to screen for nutritional risk, and the Centre for Epidemiologic Studies Depression scale was administered to all subjects. Descriptive statistics and the Pearson chi-square and Kruskal-Wallis tests were used for statistical analysis. Logistic regression modelling determined predictors of nutritional risk. Results: Of the 984 participants (mean age = 68.8 ± 7.4 years; range 60-103 years) who completed the MNA-SF, 51 % were classified as having a normal nutritional status, 43.4 % at risk for malnutrition and 5.5 % classified as malnourished. Men were more likely to be either at risk for malnutrition or be malnourished than women (p = 0.008), as were subjects with a monthly household income of ≤R1600 per month (~133 USD) (p = 0.003). In logistic regression models, depressed people were 2.803 (p < 0.001) times more likely to be at risk or be malnourished than those not depressed. Conclusion: A high prevalence of risk of malnutrition was identified in older South Africans living in an urban area with poor infrastructure. Further investigations are warranted to determine whether the higher prevalence of depressive symptomatology in nutritionally at risk individuals is a determinant or a consequence of malnutrition, in order to develop targeted nutritional interventions in this age group.
Background
Worldwide, there is a demographic transition with a rapidly increasing proportion of persons aged 60 years and over. South Africa (SA) has the highest percentage of older persons in sub-Saharan Africa, numbering 3.8 million persons or 7.6 % of the total population in this age group with a projected increase to 4.24 million (9.5 % of population) by the year 2015 [1] .
In SA, as in many other developing countries undergoing the socio-demographic transition, health challenges that face the older sector of the population include an increased prevalence of non-communicable diseases, accompanied by a functional and cognitive decline, all of which are aggravated by the dynamic socioeconomic environment in the country [2] . The migration of younger members of rural households to cities in search of employment, combined with the effects of international migration and the pandemic of HIV/AIDS in the context of widespread poverty, has resulted in a change in family structures and an erosion of traditional support systems for vulnerable older persons [1] . As a legacy of the 40 years of apartheid in the country, more than half of older Africans (58 %) have had no formal education while 13 % of elderly headed households consisting of a single room, a backyard shack or an informal structure [1] . Notably, the HIV/AIDS pandemic has resulted in a significant loss of younger persons, the consequences of which have led to a loss of principal sources of financial and material support for older persons. This has resulted in the preponderance of multigenerational households that are headed by older women, who are often primary caregivers for their grandchildren [1] .
Given the socioeconomic hardships of older Africans, it is not surprising that this group may be at particular nutritional risk. Even in high-income countries, malnutrition is a frequent problem in persons aged 65 years and older [3] . Global estimates of malnutrition indicate a prevalence of 22.8 %, with considerable differences between health and residential settings (rehabilitation, 50.5 %; hospital, 38.7 %; residential aged care, 13.8 %; community, 5.8 %) [3] . In community-dwelling older adults, an additional 32 % of this group is classified as at risk of malnutrition [3] . It is well documented that socioeconomic status, physiological changes of ageing, the burden of chronic diseases and medications [4] , together with a decline in functional status, and psychosocial and psychiatric factors adversely influence nutritional status [5] . In turn, malnutrition also contributes to functional [6] and cognitive decline, sarcopenia, diminished immunity, an increased susceptibility to disease as well as a decreased quality of life [7] and an overall higher mortality [8, 9] .
Few studies have investigated the nutritional status of older Africans [10, 11] . Between 43 and 50 % of elderly headed South-African households have been reported to experience food poverty whereby they are unable to afford a basic subsistence diet to meet the needs of household members [12] . Rural households and those with a higher number of occupants were more likely to experience food poverty compared to those in urban areas and those comprising only one or two people.
While a number of different methods have been used to assess nutritional status, including anthropometry, biochemical indicators and dietary intake, there is no single ideal measurement for defining malnutrition in the elderly. Anthropometric measures include body mass index (BMI) and mid-upper arm circumference (MUAC). The accuracy of conventional BMI measurement may be compromised due to changes in body composition and kyphosis in older persons [13] , while the MUAC is a relatively insensitive measure. Specialized laboratory services required for the biochemical and haematological biomarkers related to malnutrition are often prohibitively expensive and not practical for community-based studies, while dietary intake assessments rely on memory recall from older adults.
The Mini Nutritional Assessment (MNA) comprises four domains that include anthropometry, general assessment, a short dietary assessment and a subjective health assessment. The MNA has been validated in older persons in many countries [14] and has been shown to correlate with clinical indicators and detailed biochemistry. The MNA has a high sensitivity and specificity and is able to detect an increased risk of malnutrition, even when albumin and BMI are in the normal range. The MNA-Short Form (MNA-SF) was subsequently developed to allow a two-step process in low-risk populations, while retaining the validity of the full MNA [15] . The short form version takes 5 min to complete and has been shown to be a reliable and efficient screening tool for community-dwelling elderly patients.
KwaZulu-Natal (KZN), one of the nine provinces in SA, is home to 19.6 % of the total number of persons aged 60 years and over in the country. Most older South Africans subsist on a government old age pension [16] which was R1010 (approximately 84 USD) per month at the time of the current survey. The present study was undertaken to identify the risk of malnutrition in older persons in KZN and to determine its association with other health parameters.
Methods

Study design and sampling
A cross-sectional design was used for this study which was conducted in the Inanda, Ntuzuma and KwaMashu (INK) areas of KwaZulu-Natal, SA. According to the 2001 general census [17] , 18,812 persons aged 60 years resided in the study area. Using a conservative prevalence estimate of 50 % for a chronic disease, disability or impairment, a sample size of n = 1010 was estimated, using a confidence level of 95 % and a precision level of 3 %. A two-staged sampling method was used. Firstly, the sample was distributed proportionately within the wards of Inanda, KwaMashu and Ntuzuma and within formal and informal dwellings in each of the three areas. Thereafter, systematic sampling was used at the level of the street/tract to identify respondents who met the inclusion criteria. The starting points were randomly selected and defined using global positioning system (GPS) coordinates for both formal and informal areas. Starting at the predefined points, skip method was used to identify households. The process continued on street or tract (for informal areas) until a maximum of 25 % of the quota for that segment of the ward was obtained, before the process was repeated on another street/tract. At household level, eligible persons who were 60 years and older were identified, and one person was randomly selected using a Kish grid.
Inclusion criteria included age 60 years and over and the ability to speak and understand English or IsiZulu and to give informed consent. A detailed questionnaire was administered by trained fieldworkers and included demographic and socioeconomic data (educational level (classified as none, primary, secondary and tertiary) and household income), as well as information on housing structure, and household composition. The CAGE questionnaire was used to assess risk of alcohol abuse [18] . To determine the presence of chronic diseases, subjects were asked "Has a doctor or other health professional ever told you that you have any of the following?" from a list of common medical conditions.
To assess oral health, a response of very often, often, sometimes and never was recorded in response to the question "In the last six months how often did you have to avoid eating certain foods because of problems with your mouth, teeth or dentures?" The Centre for Epidemiologic Studies Depression (CESD) scale was completed for all subjects, and scores were categorized as normal (<16) or having depressive symptomatology (≥16) [19] .
The MNA-SF was used to categorize subjects as having normal nutrition (score >12), being at risk of malnutrition (10) (11) (12) or being malnourished (<10) [20] . Physical activity was assessed by asking whether subjects walked outside, worked in their gardens and/or performed light or heavy household tasks. Food insecurity was assessed by a single question "How often does your household run out of food?" Responses provided as "often" and "about half the time" were classified as indicating food insecurity.
Ethical approval was obtained from the Biomedical and Research Ethics Committee of University of KwaZuluNatal.
Data analysis
Data were encoded to ensure anonymity and were double captured and entered into a database supported by Epi-Info 2000. SPSS version 15.0 (SPSS Inc., Chicago, Illinois) was used to analyze the data. A twotailed p value of <0.05 was considered as statistically significant. The demographic characteristics of the study population and the nutritional status are described using frequency tables, percentages and 95 % confidence intervals and displayed graphically using bar charts. Quantitative variables are summarized using summary statistics, and the Pearson chi-square and Kruskal-Wallis tests were used to determine the association between the demographic characteristics, socioeconomic status, prevalence of chronic diseases, alcohol intake, physical maintenance scales and oral health, and nutritional status. A backward stepwise logistic regression method based on likelihood ratios, with entry and removal probabilities set at 0.05 and 0.1, respectively, was used to generate models that predicted either being classified as at risk of malnutrition or being malnourished (binary variable) compared to being well nourished. Variables entered into the models were identified as being significant in bivariate analyses.
Results
Of the 1010 subjects enrolled in the study, two subjects did not meet the age criterion and were excluded. Complete details on the MNA-SF were available in 984 subjects (20 of the 24 individuals without full MNA-SF details were unable to have height and weight measurements taken because of being bedridden or unable to stand). The majority 978 (99.4 %) were African with 6 (0.6 %) being of mixed ancestry. Most (97.1 %) were in receipt of a government old age pension. The demographic and socioeconomic characteristics of the study subjects are shown in Table 1 . Fifty-one percent (n = 503) of participants were classified as being well nourished, 43.4 % were considered to be at risk of malnutrition (n = 427) and 5.5 % as malnourished (n = 54). According to BMI categories, 18 (1.8 %) subjects were classified as ). There was no significant difference in categorization of nutritional risk, according to age categories (X 2 = 5.4, df = 10, p = 0.857). Men were more likely to be either at risk for malnutrition or malnourished than women (58 % compared to 46.2 %; Х 2 = 9.76, df = 2, p = 0.008), as were subjects with a monthly household income of less than or equal to R1600 (approximately 133 USD) compared to those with an income above R1600 (X 2 = 11.714, df = 2, p = 0.003), (Tables 2 and 3 ). Fifty-eight percent of respondents were classified as being food insecure (23.5 % reported often running out of food; 32.5 % reported about half the time); however, these participants did not have a higher prevalence of being at risk of malnutrition compared to those that were food secure. Fifty-eight percent of respondents were classified as being food insecure (23.5 % reported often running out of food; 32.5 % reported about half the time).
There was no association between nutritional status (MNA category) and having more than five persons in the household (X 2 = 2.402, df = 2, p = 0.301), whether there were grandchildren in the household or not (X 2 = 0.602, df = 2, p = 0.740), nor with level of education (X 2 = 5.936, df = 6, p = 0.430). Of the 109 subjects (10.8 % of total sample) who reported consuming alcohol, 62 (56.9 %) had a CAGE score of <2 and 47 (43.1 %) a CAGE score of ≥2, but this did not differ across nutritional risk categories (X 2 = 4.28, df = 2, p = 0.118). Sixty-three percent of subjects reported attending regular social activities and meetings with a trend for those not participating in social activities being more likely to be malnourished (X 2 = 17.880, df = 10, p = 0.057). Subjects who did not walk outside were more likely to be at risk for malnutrition or malnourished compared to those who did (X 2 = 15.5, df = 2, p < 0.001). Five hundred and nine subjects (51.7 %) had poor oral health as defined by having to avoid eating certain foods (often or very often) in the past 6 months because of problems with their mouth, teeth or dentures. These participants were not more likely to be at risk for malnutrition/malnourished, compared to those subjects who did not report oral problems (X 2 = 46.2, df = 6, p = 0.056).
Based on the CESD, 487 (49.5 %) of subjects had depressive symptoms. Of those characterized as being well nourished, 189 (37.6 %) were depressed; of those at risk of malnutrition, 255 (59.7 %) were depressed; and of the malnourished, 43 (79.6 %) were depressed (X 2 = 66.0, df = 2, p = <0.001).
Two logistic regression models were identified. For model 1, variables entered into a backward stepwise model were age, gender, income, household size, poor oral health, walking outside to the shops and performing heavy household tasks. The following variables remained in the final model: gender, income, household size and walking outside to the shops. Males were 1.68 times more at risk than females, those with income below R1600 were 1.43 times more at risk, those with larger household sizes were 1.32 times more at risk and those who do not walk outside to the shops were 1.9 times more at risk than those who did. In model 2, depression was added and the adjusted odds ratio for at risk/malnutrition in depressed people was 2.8 (p < 0.001). In this model, household size and income were no longer associated with malnutrition (Table 4) . 
Discussion
To our knowledge, this is the largest study to report on the nutritional risk of community-living persons aged 60 years and over from an African country. Using the validated MNA-SF, 43.4 % of participants were considered to be at risk of malnutrition, while 5.5 % had an MNA-SF score that indicates malnutrition. The prevalence of malnutrition is considerably higher than that reported in community-dwelling older populations from higher-income countries [21] [22] [23] [24] . In a sample of 22,007 subjects in Spain, a similar prevalence of malnutrition was identified (4.3 %), but a smaller proportion of individuals was characterized as being at risk (25.4 %) [25] . A cross-sectional study conducted in another developing country, India, in 227 participants aged 60 years and over, found that 14 % were malnourished and 49 % were at risk using the full MNA instrument [26] while in Bangladesh, of the 625 subjects interviewed, 26 % of subjects were malnourished and 55 % were at risk [27] .
In both these studies, participants had no income, incurred a high burden of disease, resided in multigenerational households and had poor or no education, all of which were reported as likely contributing factors to low MNA scores. Similarly in a Ugandan study that used BMI to assess nutritional status, 33 % of the subjects aged between 60 and 90 years were classified as malnourished [6] . Ugandan older persons also had no income or government pensions, resided in multigenerational homes and had a high burden of disease. In contrast, most of our study subjects were in receipt of a non-contributory government-funded old age pension, which may explain, in part, the lower prevalence of nutritional risk. Determinants of poor nutritional status are varied and numerous. Several studies have shown that older adults are more vulnerable to malnutrition than younger adults due to the presence of multiple pathologies and associated decreased oral intakes [25] [26] [27] while other studies have shown no significant association between age and nutritional status [28, 29] . The lack of an age association with nutritional risk in our sample may be related to the age distribution of our sample being mostly between 60 and 64 years and relatively few older participants.
The overall socioeconomic status of subjects was poor; most participants received a monthly pension of R1010 as their principal or only source of income. Subjects living in households with a cumulative income of <R1600 were more likely to have an MNA-SF score that indicates nutritional risk. This is consistent with findings of other studies conducted in SA [12, 30] . Other sociodemographic characteristics, including household size, living in a multigenerational household and level of education, were not associated with an MNA-SF score.
Decreased physical activity can impact on nutritional status by limiting the ability of an older person to produce, acquire and/or prepare food. In this study, subjects who reported that they did not walk to the shop were more at risk of malnutrition or malnourished, as has been reported by others [6] .
The lack of an association between poor oral health and malnutrition is inconsistent with findings from other studies [28, 29, 31] . A Brazilian study found that poor oral health, defined as edentulism without denturewearing, was more likely to be associated with unfavourable body mass, both underweight (OR = 3.94; 1.14-13.64) and overweight/obesity (OR = 2.88; 1.12-7.40), taking into account confounders of physical activity and depressive symptomatology [32] . In our sample, poor oral health was self-reported by over half of participants but was not predictive of nutritional risk, presumably because of more important overriding socioeconomic determinants. The South African Demographic and Health Survey [27] reported that 36 % of participants had oral health problems, and these were more common in older persons and those with lower educational and income levels. In a later study, while 76.3 % of South African adults aged 16+ years rated their oral health as good, only 38.1 % of those aged 65+ years rated their oral health as good [28] . In that study, participants who had no education or were unemployed were also more likely to have oral problems. The high prevalence of oral/dental problems in SA is thought to be due to poor access to dental care especially in the public sector, where it is estimated that there are approximately only 0.004 dentists per 1000 population [29] .
Depression has been shown to be a major determinant of malnutrition in older adults [33] . Depressive symptomatology was strongly associated with suboptimal nutritional status in the present study, and inclusion of this variable in regression models negated the effect of socio-demographic influences. Whether this is a cause or effect is unclear.
Food insecurity was reported by over half of the study population, as has been reported in another SouthAfrican study [34] . Although these households were more likely to have a higher total monthly income, they comprised more household members and had a greater proportion of inhabitants being classified as depressed or being at risk for excessive alcohol intake. Our study has a number of limitations. Data related to components of the MNA-SF was self-reported and may either over-or under-represent the presence of risk factors included within the screening instrument. Height and weight were measured but not available for 20 participants who were bedridden and who may have been more likely to be nutritionally compromised. Thus, the prevalence of malnutrition may have been under-reported. Lastly, food insecurity was assessed using a single question, and this may have been insensitive in a population of low socioeconomic status.
Conclusions
In this community-based study, more than half of older adults were considered to be at risk of malnutrition or malnourished. These findings highlight a need for nutritional screening to be included in primary care settings and followed up with appropriate clinical pathways and referral systems, particularly to mental health services.
